A tracking algorithm was developed to study the velocity field of flagellated bacteria, Serratia marcescens, swarming on a soft agar plate. Average velocities for local regions regularly arranged over the entire flow field were investigated rather than those for individual bacteria. The velocity field of the bacteria typically featured the combination of curvilinear translation and vortex modes. They repeated these patterns for a short time period, forming several groups.
INTRODUCTION
Motile bacteria propel themselves through the surrounding environment by rotating flagella in one direction or the other. If a large number of Serratia marcescens are swarming on a surface, a flagellar motion with unique properties can be characterized onto the surface. The motion of the bacterial flagella on the carpet can generate coordinated fluid motion, including vortices and relatively linear streams. The large-scale self-coordination of the flagella can develop a net thrust. However, the alignment between flow direction and cell orientation on the carpet may not match well. Hence, more accurate investigation is needed to understand global coordination of bacterial flagellar motion in the carpet.
Swarming Bacteria on Agar Plate
The flagellated bacteria, Serratia marcescens, were cultured using a swarm plate technique. The swarm plate is inoculated on one edge with 2 µl of Serratia marcescens saturated culture. Agar plates are incubated at 30 -34 degrees Celsius, and swarming begins within 8 -16 hours. The swarm itself progresses across the plate in waves that appear as concentric rings with the most active bacteria along the outermost edge of the swarm. Swarming bacteria are hyper-flagellated, elongated and migrate cooperatively [3] . They joined a temporarily big stream but shortly after branched off in all directions and joined other streams forming another translational stream or sometimes vortices.
The computed result showed good agreement with the original images. The velocity field of the bacteria typically featured the combination of curvilinear translation and vortex modes. The bacteria formed several groups over the entire investigation region for a short time period, mostly translating along rather curved paths. They joined a temporarily big stream but shortly after branched off in all directions and joined other streams forming another translational stream or sometimes vortices. They repeated these patterns and the density of the bacteria in the investigated region seemed to be quite constant. The magnitude of the velocity ranged from 20 to 30 µm/s, and the diameter of the vortices appeared to be two to four bacterium lengths. Figure 4 shows the flow field of the investigated region and the arrows indicate the averaged magnitude and direction of velocities in each local interrogation window. 
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